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Proceedings of the Royal Society of Medicine 44 the case of the arsenic and antimony compounds but only in urgent cases is it necessary to give emetine or quinine directly into the veins. In passing, it is worth while remarking that there is still some doubt in bacteriological circles as to the proper description of the syphilitic organism. Its reaction to drugs would suggest that it belongs to the protozoa rather than to the bacteria.
For many years there was doubt as to the exact action of emetine in the body, whether it acted directly or indirectly upon the entamceba. It was for a long time asserted by experienced experimentalists that it had no direct killing action on the amceba. The most recent authoritative work, however, by Laidlaw, Dobell and Bishop, proves that with a simple liquid medium, a solution of emetine, 1 in 5,000,000, is lethal for all strains of Entamceba histolytica in vitro within four days, provided that the medium does not become too acid. This great potency of emetine may be altered by a comparatively small variation in the reaction of the culture medium. We accept the conclusion of these workers that emetine has a direct germicidal action on these amceble, and think that these experiments throw light upon the occasional discrepancy between laboratory and clinical findings.
When we come to consider the bacteria, the question of intravenous injection of germicides is not on so sure a foundation. The work of Fleming appears to prove conclusively that none of the ordinary antiseptics have any direct bactericidal effect when introduced into the blood-stream. The experimental work of Morgenroth, however, shows that it is possible to obtain a drug that will kill bacteria without unduly damaging the animal, so that we may look forward to obtaining some substance which may be of direct germicidal value.
On the clinical side various claims have been made as to the bactericidal effect of certain drugs introduced intravenously. Some of these claims appear to have very good foundation, and one must presume that the drugs in question act indirectly by producing in the host some change which is inimical to the life of the infecting organism. Other claims-the majority-appear to rest upon a mass of unjustifiable presumptions.
Let us briefly survey the attempts which have been made to find a safe and efficacious intravenous remedy for various bacterial diseases. Mercurochrome, etc. Ehrlich himself suggested that salvarsan should be tried in cases of anthrax, and in 1910 Eurich made the trial. Tests in vitro were carried out and gave presumptive evidence of the efficacy of the drug. Clinically it was found that the temperature might rise precipitately after the injection, but often fell critically in twenty-four or thirty-six hours; the cBdema remained localized and quickly disappeared and the pustule dried and healed without suppuration. The mortality of malignant pustule treated by other methods is not very high, but certainly there seems some experimental and clinical support for the use of salvarsan in its treatment. For the septicwmic forms of anthrax salvarsan is useless.
The experiments of Morgenroth with optochin gave the first gleam of scientific hope that bacterial infections might be successfully combated by the intravenous injection of appropriate drugs. By the use of optochin Morgenroth was able to save 50%/o of mice suffering from pneumococcal infection, which is always fatal 45 Section of Surgery and Section of Pathology 807 to mice if untreated. But the use of the drug was abandoned in the case of human patients for two reasons: firstly, it sometimes caused blindness, and secondly, it did not cure the infection. The splendid work of Sir Almroth Wright on this subject is well known to us all, but not every experimenter has yet digested the sage comment which Sir Almroth makes in reference to animal experiment:
" It is often forgotten that the conditions in the human organism may be fundamentally different from those in the animal, with respect to the form which the bacterial infection takes, the access of the blood fluids to the infecting microbes, the absorption and excretion of the drug, and the susceptibility of the nobler tissues to its toxic action." This is sound clinical teaching. In the treatment of leprosy remarkable results have followed the intravenous injection of the sodium salts and the ethyl esters of hydnocarpic and chaulmoogric acids. There is a consensus of clinical opinion as to their efficacy in greatly alleviating or curing the disease, but it is (so far as I am aware) not claimed that the drugs have any direct bactericidal effect. On clinical evidence, however, they should be classed as indirect germicides for the leprosy bacillus.
Everyone is familiar with the recent discussion as to the virtues of sanocrysin in cases of tuberculosis. 1 would not, even if I could, burden you with the evidence as to its merits, but content myself by giving the generally received opinion that sanocrysin has no direct-and a very doubtful indirect-germicidal action on the tubercle bacillus. Since the administration of the drug is not without danger, it appears to have a 'very restricted field for its use.
Coming finally to the drugs which have been used in severe septic infections, we find ourselves on very controversial ground. Great claims have been made as to the value of the intravenous injection of certain well-known antiseptics. Solutions of the hypochlorites, perchloride of mercury, mercurochrome, various aniline dyes and other drugs have been tried. What evidence have we that they either act as germicides or are of any indirect benefit?
No one who has followed the work of Professor Fleming on the action of antiseptics can continue to believe that any of the commonly used antiseptics could possibly exert a direct germicidal action on septic organisms in the blood-stream without at the same time poisoning the patient. Any effect which they may produce must be an indirect one and can only be judged by clinical results. Now these clinical results are very yariable and unconvincing. The present position can be summarized by considering the views held as to mercurochrome. This drug will kill septic organisms in vitro in considerable dilutions and many observers have related series of dramatic cures obtained by injecting it intravenously. Hampton Young, of Baltimore, is a strong advocate for its use. But when one studies the series of cases which are published and notes the small series of conclusive and the large number of indeterminate results, and reflects that the writers were in some cases enthusiasts and sometimes used several other means of treatment also, and that control series were absent, there remains little but chance to account for the cures. I say " little but chance," because I believe there is sufficient evidence to show that in rare cases the disturbance induced by the injection of the drug must have been the main factor in bringing about recovery. But the action is so uncertain that the use of the drug must be accounted as very unscientific, and as a reckless shot in the dark. Certainly the routine intravenous use in septic infections has no justification.
The drugs which are more likely to be of benefit in septic infections are salvarsan and neosalvarsan. These drugs when injected intravenously certainly temporarily increase the bactericidal power of the blood, increase leucocytosis and, by diminishing the coagulability of the blood, may improve the circulation in congested parts.
Speaking as a clinician, I often feel the force of the criticisms aimed against us by those who say that we too readily adopt methods of treatment which are based 808 Proceedings of the Royal Society of Medicine 46 upon an insecure scientific foundation-in other words, we have too much of the quack within us. Anyone who cares to study the journals will find abundant evidence that both surgeons and physicians are too ready to try a remedy because it is new rather than because it has good credentials, and to believe that the presumed remedy has cured because cure has resulted. This fallacy is common in the case of the intravenous use of germicides.
On the other hand, as a clinician who has the highest respect for the bacteriological worker, one cannot be blind to the fact that the laboratory worker is often inclined to lay down hard-and-fast laws on experimental evidence which may at first seem perfect, but which may later be proved to include a fallacy. For this reason a closer co-operation between the two groups of workers is to be encouraged. Professor Alexander Fleming: In any discussion such as this it is first of all necessary to know what we mean by the term "germicide." It is obvious that a germicide must be something which will kill microbes, and I have to thank my master, Sir Almroth Wright, for this definition: "A germicide is a substance which will enter into destructive combination with a microbe." I think we shall all agree that it would be wrong to class as germicides substances which in the concentrations employed do not kill microbes per se, but when injected into the circulation are reputed to undergo or induce some possibly mysterious change by which the antibacterial power of the blood is enhanced. Otherwise all manner of substances would have to be classed as germicides, for instance, nuclein, vaccines, and hypertonic salt solution. We may think that vaccines are potent agents with which to cope with infections, but this discussion is not one on vaccine therapy. It may seem to you ridiculous to mention these things, but at the last discussion on antiseptics which I attended, the surgeon who opened it dealt entirely with substances having about the same germicidal power as typhoid vaccine.
The definition of a germicide as a substance which will directly destroy microbes leaves us with a comparatively simple problem. We can estimate the germicidal power of any substance in blood outside the body by the simple method of adding it to infected blood, and after a lapse of time noting whether or not the bactericidalpower of the blood is increased. In the body there are certain factors which may interfere with the action of any germicide which may be introduced, but it is absolutely inconceivable that any chemical will act as a direct germicide in the circulating blood when it fails in a like concentrationto increase the bactericidal power of blood in a test tube.
For a germicide to be successful in killing bacteria in the circulating blood two essential conditions must be fulfilled. It may be that even if they are fulfilled, the practical result will be negligible, but if they are not, failure is inevitable.
These conditions are: It must be possible with safety (1) to obtain a concentration of germicide in blood which is lethal to the microbes; (2) to maintain such a concentration sufficiently long for the microbes to be killed.
Another important point to be considered is whether the germicide acts only on one or two species of microbes or on many. The importance of this last condition is often lost sight of in practice, and we find an antiseptic which has been shown to have a powerful lethal effect on one microbe used to combat an infection with another to which it is relatively inert.
There are tests by which the bactericidal power of human blood can be estimated with a considerable degree of accuracy, and by using these tests any enhancement of this bactericidal power by the introduction of a germicide can be measured. In the literature regarding intravenous use of chemicals as antiseptics, there is, except in one or two instances, a singular lack of investigation as to the direct action of the chemical.
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Section of Surgery and Section of Pathology 809 It is obvious that any germicidal substance which is introduced intravenously must be at it,s maximum concentration immediately after the injection, before it has had time to be removed from the circulating blood. It follows therefore that the blood taken immediately after the injection of a germicide, containing, as it does, the maximum concentration of such germicide, should show the maximum antibacterial effect, and if a series of samples of blood are taken at intervals after the injection, the antibacterial power of the blood should gradually fall as the germicide injected is excreted or removed from the circulating blood.
It seems quite clear that if immediately after a chemical is injected there is no increased bactericidal power in the blood, but that after a lapse of time the bactericidal power becomes greater, such an increase cannot be ascribed to the direct germicidal action of the chemical-in other words the chemical is not acting as a germicide and should not be so labelled. We will return to this later.
Normal bactericidal power of blood.-Before proceeding to any experiments with antiseptics in blood it is first necessary to understand what happens when we put microbes into blood. I will confine my attention to the ordinary pyogenic microbes, staphylococci, streptococci, B. coli, etc. Now all these are killed in large numbers by ordinary human blood. As an instance of this, if 1 c.c. of blood infected with from 2,000 to 5,000 staphylococci is incubated for 12 to 24 hours, some 90 per cent. of the cocci will be destroyed. Of course the actual number killed will vary with the virulence of the culture, the quality of the blood, and probably other factors. The active agents in the destruction of these pyogenic microbes are the leucocytes and if these are removed (as can be done by simple filtration through cotton wool) then the whole of the bactericidal power of the blood is lost and every one of the pyogenic microbes implanted will grow out.
Use of deleucocyted blood to determine the antibacterial power of chemicals.-The direct antibacterial power of any chemical in blood, therefore, can easily be tested by adding graduated quantities of the chemical to deleucocyted blood, and after incubation, noting in what concentration growth is inhibited. The deleucocyted blood has in itself no antibacterial power, so any inhibitory power must come from the chemical. This method rather flatters the chemical as in practically every instance the inhibitory power on the growth of the microbe is greater than the germicidal power.
Effect of adding chemicals to blood containing its full complement of leucocytes.
When a chemical is added to the blood containing its full complement of leucocytes the conditions are much less simple. Several things may be happening simultaneously:
(1) The chemical may be killing the bacteria.
(2) , leucocytes ,. .. ..
.. ..
(3) ,, chemicals ,, ,
A simple experiment with carbolic acid will illustrate these points. A series of dilutions of carbolic acid is made, and to one volume of each of these dilutions is added an equal volume of defibrinated blood infected with staphylococci (about 2,500 per c.c.). Equal volumes (50 c.mm.) of these mixtures are placed in slide cells and incubated. The result obtained is shown in fig. 1 . Of the 56 microbes which were implanted into each slide cell only one grew in the control where the carbolic acid was replaced with salt solution.
In the weakest dilutions of carbolic acid the result was the same. As the concentration of carbolic acid became stronger and stronger so the number of microbes developing increased until at a concentration 1 in 640 every staphylococcus implanted grew out into a colony.
ILere the whole of the bactericidal power of the blood had been lost and this was due to the carbolic acid having destroyed the leucocytes while it allowed the muicrobes to grow unhindered. As the concentration of carbolic acid was increased still further. the mnicrobes were eventually inhibited and the antiseptic action of the chemical was inanifest. There are therefore three zones of concentration of the antiseptic as regards its action on microbes mn blood:
(1) An indifferent zone where there is no action either on the bacteria or the leucocytes.
(2) An antibactericidal or antileucocytic zone where the leucocytes are da-maged or destroyed and the bacteria are unaffected. A more copious growth of bacteria results.
(8) An anti8eptic zone where the l'eucocytes are destroyed and the bacteria are killed or inhibited.
There is no suggestion that carbolic acid might be used as an intravenous germicide but this result is typical of almost all chemicals whether classed as germicides or not.
Let us now see how some of the germicidesj which have been recommended for intravenous injection fulfil the two requirements laid down.
EBusol.-This was originally recommended for intravenous injection in generalized infections following war wounds.
The dose suggested was 160 c.c. Taking the blood volume as 6 litres, this would mean that the maximum concentration of eusol in the circulating blood would be about 1 in 33. Figure 2 illustrates what. happens when eusol is incuhated in slide cells with blood infected with binmolytic streptococci. The control blood without eusol is able to kill all the streptococci. 'At a concentration of eusol 1 in 32 there is a distinct impairment of the bactericidal power shown by the growth of a number of streptococcus colo;nies and consequent h&-molysis of about one quarter of the blood in the cell. In concentrati'ons of 1 in 16 and 1 in 8 the streptococci have grown freely and completely laked the blood. In a 1 in 4 dilution some sixteen colonies of streptococci have grown (although with this conlcentration even the red corpuscles are altered to a brown colour), and it is only when a concentration of 1 in 2 is reached that the streptococci are, inhibited. To reach this concentration 811 51litres of eusol would have to be injected into the veins and a consideration of fig Monsol.-This has been recommended for intravenous injection as a germicide. My findings with regard to the bactericidal action in monsol in blood are illustrated in fig. 3 . The same zones are seen as were noted with carbolic acid. To reach an APRIL-JOINT DIs. No. 3 * L..
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Proceedings of the Royal Society of Medicine 60 antiseptic concentration, i.e., a concentration which will inhibit the bacterial growth in human blood would seem to require in the case of B. coli and Streptococcus fzecalis the intravenous injection of 2q litres of a 1% monsol solution and in the case of Streptococcus pyogenes half this quantity. Lesser quantities, even if they were wholly retained in the circulation in an active state, would seem to be incapable of sterilizing the blood, although as can be seen from fig. 3 , they might render it a better culture medium.
Quinine.-This has been much used in certain quarters as a germicide, especially suitable for intravenous injection in cases of puerperal fever due to the hlemolytic streptococcus. Fig. 4 shows the bactericidal power of quinine hydrochloride on the. hEemolytic streptococcus in deleucocyted blood and also the effect of the drug on the normal bactericidal power of blood. It is clear that the antiseptic concentration in the blood is 1 in 1,000 and that any concentration between 1 in 2,000 and 1 in DILUTION OF QUININE. 8,000 renders normal human blood a better cultivation medium (by destroying the leucocytes).
To reach a concentration of 1 in 1,000 in blood would require the intravenous injection of at least 80 gr. of quinine hydrochloride, but fortunately the doses recommended (about 2 gr.) give only a concentration of about 1 in 40,000 which is. well within the "indifferent " zone, ana has no inhibitory action either on the bacteria or the leucocytes.
Alercuric chloride.-This is another drug which has had support as a germicide for intravenous injection in septicalmia, due to the hwmolytic streptococcus. When its bactericidal power was tested in deleucocyted human blood the following results The maximum effect is exercised on the haimolytic streptococcus, but to reach an antiseptic concentration in the blood it would require something like i grm. (= 5 gr.) The amount recommended is 1 gr. The inference is obvious. Mercuric chloride in the doses recommended does not act as a direct germicide.
Mercurochrome.-This has in recent years had an enormous vogue as a germicide for intravenous injection. No specificity of action has been claimed and it has been recommended for infections by many microbes, among others'staphylococcus, streptococcus and B. coli. The quantity used for intravenous injection is about 0 *005 grm. per kilo body weight, which gives a maximum concentration in the blood-stream of about 1 in 15,000.
Let us now examine what happens when mercurochrome is mixed with infected blood in vitro. Defibrinated blood with and without leucocytes is infected with a suitable number of staphylococci, and 50 c.mm. of such infected blood is mixed with 5 c.mm. of mercurochrome solution and incubated in slide cells. The results are shown in Table I . The results with deleucocyted blood show that mercurochrome in a concentration of 1 in 2,000 has no power of preventing the growth of staphylococci in human blood, and the results with blood show that in these concentrations (which are fortunately not attainable in practice) the chemical, while having no antibacterial power itself, impairs the natural antistaphylococcal power of the blood.
In another experiment mercurochrome was added to deleucocyted human blood in a concentration of 1 in 6,000. This blood was infected with various microbes and incubated in slide cells. Controls were made, at the same time, of simple defibrinated blood (containing its full complement of leucocytes) and with similar blood containing 1 in 6,000 mercurochrome, both infected with the same number of microbes. The results are illustrated in fig. 5 .
The microbes grow freely in deleucocyted blood containing mercurochrome, but very few were able to survive in blood alone without mercurochrome. It is a, common belief that the antibacterial power of leucocytes is very small in comparison with that of a chemical "germicide." Here we have a direct comparison of the effect of mercurochrome and leucocytes on the growth of bacteria, and although the mercurochrome is in a concentration more than twice the maximum obtainable in an intravenous injection it has no germicidal action, wllereas the leucocytes kill nearly all the microbes implanted.
The third column of cells where mercurochrome was added to blood containing its full complement of leucocytes will be discussed later (p. 58).
Sanocrysin.-This was introduced a few years ago with a great flare of trumpets as a remedy for tuberculosis. I was present at the meeting which inaugurated the campaign in England. We were told how in infinitesimal concentrations it killed the tubercle bacillus, how, when it was injected intravenously so many tubercle bacilli were killed that the patient was poisoned with his own dead bacilli and how, to combat this, a special antituberculous serum had to be injected. It seemed wonderful. We proceeded at once to test the efficacy of sanocrysin as a germicide to the tubercle bacillus in human blood. Sanocrysin in various dilutions was mixed with human blood infected with tubercle bacilli and the mixtures were incubated for some days after which the blood-clots were decolorized and stained. Fry has published the results obtained which showed that in the concentrations of sanocrysin 814 Proceedings of the Royal Society of Medicine 52 which could be obtained in the body and even in much higher concentrations the drug had no influence whatever on the growth of tubercle bacilli. Now when sanocrysin is discussed in the treatment of tuberculosis, there is no mention of the wholesale slaughter of the bacilli by the direct action of the chemical. No antituberculous serum need be given to neutralize the poisons of the dead bacilli. Its reputed beneficial effect is attributed to some mysterious change which occurs in the body after its injection.
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Section of Surgery and Section of Pathology 815 So far then the task has been simple. With none of the chemicals mentioned in the doses in which they are used can one obtain in the blood a concentration in which they are lethal to microbes. They have therefore failed in the first examination and cannot act as germicides in the circulating blood.
Aniline dyes.-Two of these have been especially recommended for intravenous injection as direct germicides-flavine and gentian violet.
Flavine.-This was recommended by Browning (1917) as an antiseptic which was very powerful on all microbes and which acted more strongly in serum than it did in a watery medium. Flavine has a very slow lethal action on bacteria as can be shown by Table II . In the experiment represented by this Table a concentration of flavine of 1 in 20,000 was chosen, as an amount of flavine can be injected which when diluted in the blood can reach this concentration. The slowness of its action on bacteria becomes important when flavine is used for intravenous injection, as it makes it more difficult to fulfil the second condition that the lethal concentration must be maintained sufficiently long for the bacteria to be killed. This is rendered still more difficult by the affinity of flavine for the tissues. If an animal is killed immediately after a very large intravenous dose of flavine it will be found that all the tissues (except the central nervous system) are stained yellow, but the blood-serum has little or none of the flavine colour.
Information as to the direct germicidal effect of flavine injected intravenously can be obtained by taking blood before and at intervals after the injection and seeing whether the bactericidal power is enhanced. It is obvious that the dye must be at its maximum concentration in the blood immediately after the injection. And if blood taken then is incapable of inhibiting the growth of bacteria, then the flavine can have no direct bactericidal action. Table III shows the effect of an intravenous injection of flavine on the bactericidal action of the blood. It will be seen that the blood immediately after the intravenous injection of flavine grew staphylococci well. Although therefore it is possible to inject flavine sufficient, if diluted in the blood, to make a! concentration lethal to microbes yet it disappears from the blood so rapidly that it is impossible to maintain such a concentration long enough for microbes to be killed.
Gentian violet.-This dye was shown by Churchman (1912) to have a very powerful inhibitory effect on the growth of certain bacteria, especially the Gram-positive microbes. It has with few exceptions comparatively little action on Gram-negative bacteria. The antibacterial effect is especially marked on staphylococci. It can be injected intravenously in such a quantity that if it were merely diluted by the circulating blood such blood would be definitely bactericidal. Like flavine it is a slowly acting germicide, and like flavine it leaves the blood-stream very rapidly so that a minute or two after the injection the blood is no longer bactericidal. It would be impossible therefore to maintain in the circulation a bactericidal concentration for sufficient time to kill the microbes.
Arsenical preparations of the neosalvarsan type.-There is no doubt as to the efficacy of these preparations in certain spirochetal diseases. This we need not discuss. Douglas and Colebrook (1916) showed that salvarsan had a considerable bactericidal power on the haemolytic streptococcus. Allison (1918) used it in the treatment of puerperal septicemia. Colebrook (1928) has shown that the arsenical preparations have a very specific bactericidal action on haemolytic streptococci. He has shown that novarsenobillon can be injected intravenously in such quantities that when diluted in the circulating blood a concentration lethal to the haemolytic streptococcus can be reached. This drug then passes the first test.
In the concentration which is reached in the blood-stream it takes about six hours to effect the destruction of hTemolytic streptococci, and it has not been shown that with novarsenobillon it is possible to maintain a lethal concentration for this period. Colebrook, in fact, discarded intravenous injections of this substance for subcutaneous injections of metarsenobillon, and he has shown that by repeated injections, the blood-serum maintains its bactericidal action to htemolytic streptococci for several days.
So far, then, the organic arsenical preparations are the only ones we have considered which can act as germicides in the circulating blood, and (apart from their spirochaeticidal action) they act only on hiamolytic streptococci and the anthrax bacillus.
Specificity.-This is very well brought out by these arsenical preparations. They are very toxic to the haemolytic streptococci, but are ineffective against other streptococci, so it is quite useless trying them in infections due to Streptococcus viridans. This specificity is well brought out in fig. 6 .
INDIRECT GERMICIDAL ACTION.
So far my comments have necessarily had to be, in the main, destructive. Let me now for a minute be constructive. For this purpose I must depart a little from the subject of the discussion. I wish to bring to your notice two methods of increasing the bactericidal power of the blood by the intravenous injection of chemicals.
(1) A non-specific increase followiny the injection of sicbstances definitely not germicidal.-Common salt furnishes a good example. I have shown (1926) that when a hypertonic salt solution is injected into the blood the injection is followed by a marked rise in the bactericidal power.
With a small dose of hypertonic salt (say 50 c.c. of 10%) there is little or no preliminary drop in the bactericidal power of the blood, but with a large dose there may be seen a definite "negative phase " lasting for perhaps an hour, followed by a great increase in the bactericidal power lasting for some hours. Table IV shows the sort of result obtained. 
, ,0
Section of Surgery and Section of Pathology
This change is not confined to salt but probably occurs to a greater or less extent after intravenous injections of all chemicals whether they are classed as germicides or not. The following figures were obtained after an intravenous injection of 320 c.c. flavine 1 in 1,000 into man. been in less concentration in the blood than immediately after the injection. Possibly the beneficial results which are said to have followed the intravenous injection of germicides are due to this non-specific rise in the bactericidal power, but if this is true then there is no justification for the injection of chemicals which are toxic when the change can be brought about better by common salt.
(2) The specific action of mercury compoutnds on hmemolytic streptococci.-Mercury salts are old established germicides but I have already demonstrated that in therapeutic doses they cannot have any direct germicidal action in the blood. I have shown that with mercuric chloride and mercurochrome the microbes grow well in deleucocyted blood containing more of the germicide than can be introduced E;c Q 3 88 00 00 00 00 0 817 55 with safety. There is, however, an interesting phenomenon manifest when mercury compounds are added to infected blood containing its full complement of leucocytes. Fig. 7 illustrates the results obtained in slide cells when mercurialized blood is incubated with Staphylococcus, Streptococcus Jfcalis and Bacillus coli. In each case growth occurs in quite high concentrations and in addition there is a zone of increased growth where the leucocytes have been destroyed. Mercuric chloride, therefore, as regards these microbes, offers no hope of success as an intravenous injection.
The case is different with hsemolytic streptococci. A typical result of the action STAPHYLOCOCCUS. of mercuric chloride on the growth of hoemolytic streptococci in blood is shown in fig. 8 .
Here there is no difference in the growth of streptococci in deleucocyted blood in any concentration of mercury from 1 in 20,000 downwards, showing that the mercury has no direct bactericidal effect in blood.
In blood with its full complement of leucocytes, however, it will be seen that there is a zone of greatly increased bactericidal power where the streptococci have been completely killed. In this particular experiment no growth occurred in blood containing 1 in 40,000, 1 in 80,000 and 1 in 160,000 of mercuric chloride. There was .:.. Section of Surgery and Section of Pathology good growth in concentrations of 1 in 320,000 and under, but at the other end of the scale it will be seen that a considerable number of colonies have developed in a concentration of 1 in 20,000.
In other experiments of a like nature with other strains of haemolytic streptococci and other degrees of infection, it has been found that a distinct antibacterial effect may be manifest up to a 1 in 500,000 dilution of mercuric chloride.
We have already seen that the lethal agent on these streptococci cannot be mercury salt. The only difference between blood and deleucocyted blood is the presence of leucocytes in the former and it might be argued that the mercury salt combines with the leucocytes to form a bactericidal compound. This cannot be so, as in the in 20,000 concentration of mercuric chloride which would be rich in this hypothetical bactericidal substance growth occurs.
It is significant that this concentration of mercuric chloride (1 in 20,000) is that at which the leucocytes are seriously damaged by the chemical as is shown by a consideration of fig. 7 . It seems likely that growth results in this concentration Action of mercuric chloride on heemolytic streptococci in blood. because the mercuric chloride cannot itself kill the streptococci and it damages the leucocytes to such an extent that they cannot function.
In the three cells which are sterilized the blood does not do the whole of the work, for in the control cell (without mercury) many streptococcal colonies have developed. It must, therefore, be a combined action of the mercury and the blood. The action of the mercury can hardly be a stimulating one on the leucocytes otherwise the increased bactericidal action would be manifest on all the microbes, whereas apparently it is only shown to the heimolytic streptococcus. For the same reason it can hardly be an increase in the opsonic power of the serum. It would appear to be some action on the streptococci-not to kill them, but to make them more susceptible to leucocytic action. It can be shown that a concentration of 1 to 80,000 mercuric chloride has some inhibitory effect on the rate of multiplication of the streptococci for an hour or two, and it may be this retardation of growth which allows them to be destroyed by the leucocytes.
It may be, also, that the mercury neutralizes some toxic substance of the streptococci which is inimical to the leucocytes, but this is not so likely, as the Let us return to a consideration of fig. 5 . Earlier in the discussion it has been pointed out that mercurochrome had no germicidal action per se, but that the leucocytes of human blood were capable of destroying nearly all the microbes implanted. When, however, the mercurochrome was added to blood containing its full complement of leucocytes (shown in the third column of cells) there was greater killing of hamolytic streptococci than there was with the blood alone. With the other microbes, however, there was no improvement, indeed, there was more growth with the added mercurochrome, which is only to be expected, as in this concentration (1 in 6,000) the leucocytes are to some extent damaged (see Table I ).
It is clear from these experiments that mercuric compounds have some specific action on hTmolytic streptococci, rendering them more susceptible to the normal antibacterial agencies of human blood. It is probable that some mercury compound will be elaborated which will be more potent than those cited, and it is possible that by the application of this principle--the use of a chemical not to kill bacteria but to act as an adjuvant to the natural defences-the most beneficial results will be obtained in that dreaded condition, a generalized Streptococcuts pyogenes infection. REFERENCES. ALLISON, C. S., Journ. Med. Res., 1918, xxxviii, .55 . BROWNING, C. H., GULBRANSEN, R., KENNAWAY, E. L., THORNTON, L. D. H., Brit. Med. Journ., 1917 , i, 73. CHURCHMAN, J. W., Journ. Exper. Med., 1912 , xvi, 221. COLEBROOK, L., Med. Res. Council Special Report, 1928 , No. 119. DOUGLAS, S. R., and COLEBROOK, L., Lancet, 1916 , i, 181. FLEMING, A., Brit. Journ. Exper. Path., 1926 , vii, 274. FRY, R. M., ibid., 1926 Mr. P. H. Mitchiner said he had never met anyone who believed that one could get a direct germicidal action with any chemical in the blood. Chemical antiseptics given intra-venously must be given in such strength as to have the optimum lethal action on the micro-organism, without impairing the defensive action of the leucocytes or other tissue cells, and their maximum action must be at the moment of injection, so that even surgeons could not hope to obtain benefit from the injection of germicides. He was certain, from his experience, that in most cases the intravenous injection of so-called germicides was more harmful than beneficial to the patients who had septicaemia. Further, there seemed to be no criterion, in any particular case, as to what dose was likely to produce the most beneficial result especially as at different stages of the disease different doses were necessary in order to obtain the optimum effect. Test-tube experiments as to bactericidal effects were of no use when assessing their effects in the human body. A dose which was lethal to a micro-organism in the test-tube would permit the organism to grow in the blood. Like Professor Fleming, he proposed to deal only with bacteria, omitting the question of the protozoa. Though it had been advocated that the kind of drugs in Section of Surgery and Section of Pathology question should be injected for localized infections which showed a tendency to spread, such as cellulitis and carbuncle, no beneficial effects could be expected, since the localization of the trouble proved that the body defences themselves were capable of dealing with the infection. He would therefore consider only such results as he had seen in general infections.
In regard to chronic infections he was indebted to his colleagues in different departments at St. Thomas' Hospital for informing him of the results to which he would refer. He first went to the venereal disease department, because for generalized infections with syphilis, drugs had been used intravenously since Boticelli advoca.ted the intravenous injection of perchloride of mercury, but with very disappointing results. Colonel Harrison told him (the speaker) that the intravenous injection of arsenic compounds was a satisfactory cure of syphilis, producing a definite disappearance of the spirochiete, but he did not claim that this was due to direct germicidal action. Further, when he (Mr. Mitchiner) looked into the figures, he did not think the results were perfect, as he found that it was customary for syphilitic patients, who had been treated with a full course of neosalvarsan, to return in a year's time, a large proportion having a positive Wassermanr reaction, showing that the infection had manifested itself in the absence of the drug. In 50% of active tertiary lesions the Wassermann reaction was negative.
In the tuberculosis department he learned that Dr. Hebert had used sanocrysin in a series of 20 cases, and the results were quite negative, but it was now thought there to be of value in acute pneumonic cases in which recent spread had taken place.
With regard to acute generalized infections: he believed, from the clinical standpoint, that staphylococcal septiciemia was more fatal than the streptococcal form, and he had begun to separate the two forms, but, unfortunately, in many cases he could not do so, as the causative organism was not indicated. He found that various drugs had been given, including eusol, mercurochrome 220, and mercuric chloride, but in all cases there seemed to be a tendency to withhold these drugs until the patient was practically moribund, which appeared to show that most surgeons thought that these drugs were called only as a last desperate throw. Those who had much to do with septicaemia must have seen many cases, clinically regarded as hopeless, which had suddenly taken a turn for the better without any treatment. Therefore it was certainly courageous, if not foolhardy, to attribute to the injection of a small amount of chemical substance the cure of a case of septicamia because an improvement took place immediately or shortly after the injection. It could not be proved, either one way or the other. He felt that in at least some of these cases the injection had had nothing to do with the cure of the patient. His clinical ignorance led him to attribute the increased germicidal power of the body tissues to protein shock. He thought that, as in the case of serum, if it did any good at all, it did so by altering the balance of resistance in the body tissues in some way.
If he were asked what were the clinical indications for the intravenous injection of these so-called germicides, he would say: (1) the failure of the patient to react to general anti-septicamic treatment, such as the injection of saline; (2) the absence of leucocytosis, as seen in the blood-count. Professor Dudgeon had recently published in the Lancet a paper dealing with 200 cases of streptococcal and staphylococcal septicwmia, half of which he treated with perchloride of mercury, and half with mercurochrome 220. Out of the whole number there were forty-seven deaths. Professor Dudgeon frankly stated that he had had no success with these injections in malignant endocarditis, and that his best results were in puerperal septictemias, of Nvhich, out of twenty-seven cases so treated-with perchloridetwenty-two recovered.
He (the speaker) therefore went to Mr. Wyatt, who had the care of the L.C.C. beds for puerperal septicomia cases in London, and, through his kindness 59 821 822 Proceedings of the Royal Society of Medicine 60 and the hard work of Dr. Ingster, who had helped Mr. Wyatt for many years, he was able to secure a series of cases just as they entered the wards. The first was a series of five cases of septicaemia which had been treated neither with serum nor with perchloride. Four of the patients recovered, the fifth died. Fifteen cases were then tried with serum, and only four patients recovered; eleven died. There were then eleven cases treated with perchloride, one-sixteenth of a grain daily being given.
Six of the patients recovered, five died. His own experience was that such cases did better without injection treatment than with it. He had looked up cases which he had had under his own care or supervision or immediate notice at St. Thomas's Hospital, i.e., cases of streptococcal septicemia during the last few years. During 1925 he saw four cases of streptococcal septicaemia. One had injections of -i' gr.
of perchloride of mercury on three consecutive days, and the patient died on the third day. The other three cases had no germicide treatment; two patients died, one recovered. In 1926 he had seven cases of septictemia, one of them staphylococcal. As mercurochrome was being used a good deal in that year, three of these patients were treated with it: two died, one recovered. Of the four cases which had no such treatment, three died, one recovered. In 1927 he had one case, which was fatal; it was a staphylococcal case, and the patient was moribund on admission to the hospital. In 1928 there were four cases, two of which were treated with perchloride and they both recovered; the two which were not so treated died. In 1929 there were four cases of streptococcal septicaemia. Two patients were treated with perchloride, and both died; two were not treated with any such drug: one died, one recovered. In 1930 there were four cases of streptococcal septicmmia; two were treated with perchloride and both patients died; of the others, one recovered, one died. It would be agreed, therefore, that the value of this treatment was, to put it mildly, very doubtful.
Mr. T. H. C. Benians said that a nurse probationer answering a question on the use of disinfectants had said: "Disinfectants are nasty dangerous things; they kill bacteria and human beings." He was reminded of that answer as he listened to Professor Fleming, except that he now gathered that they did not kill bacteria. He asked for some leniency, or, in fact, accuracy, in defining the term germicides, which, in his opinion, might act either directly or indirectly. He reminded Professor Fleming that the " blow direct" was all very well, but the body did not go in for those blows, and whilst he had been very much impressed by Professor Fleming's demonstration, he thought that one had to be extremely careful about translating experiments in vitro into results in vivo. The time would come when a, different interpretation of these experiments would obtain.
Taking a philosophic survey of disinfectants in general, we found that, now we had learnt their lesson, they were being displaced from all their original spheres of use; almost the only place where the success of germicides was maintained at the p)resent time was actually in the blood-stream. He referred of course to protozoal infection, but between these successes and the failures in the treatment of bacterial septicsemias there was a big gap. Something had already been done in bridging that gap and he proposed to consider certain experiments in which bactericidal sera had been produced, to show how they failed when they came to clinical application.
Morgenroth's " optochin " was unquestionably a success; it was absorbed and no doubt circulated through the blood and cured cases of generalized pneumococcal infection in mice, a very severe test. When tried in the treatment of human pneumonia, however, it failed. Pneumonia should be regarded as a massive abscess in a single organ and this would not be permeated by disinfectants put into the blood-stream. Browning showed that euflavine could produce a germicidal serum, although he never claimed to cure infection with it. Tubby, Mackie and others,
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Those who bad worked on staphylococcal septicemia in rabbits knew that multiple abscesses in the kidneys were a characteristic feature, and these, he thought, caused the death of the animal. Then there was Colebrook's work with the arsenobenzols. Colebrook had shown that there was a bactericidal power in the serum with regard to haemolytic streptococci, and that it could be maintained. He had also shown a method of assessing the damage done to the phagocytic tissues of the body. Colebrook tested that by the action of the drugs on the leucocytes of the blood-stream, and this he (the speaker) regarded as an unsatisfactory test. The leucocytes were, in many ways, some of the least permeable cells in the body, and if they were used as a basis for judging what damage was done to phagocytic tissues in general, the conclusions arrived at might fall far short of the mark.
The trouble in all these instances appeared to have consisted in the mechanical conditions in the body rather than in the lack of germicidal power of the blood, and we should not turn back at this point and say that intravenous germicides were an impossibility. With regard to the clinical use of germicides: at one end of the scale of septiceemia infection there was the acutely toxic type, at the other end there was the true pymmia, in which occurred thrombosis and embolism. In a case of the latter the patient did not die from bacterial toxaemia so much as from the accidental formation of abscesses in dangerous situations, such as the joints, pleura, pericardium, or even heart muscle.
Taking first the toxic type of condition with little in the way of abscess formation, supposing one were able to kill all the bacteria in situ, theoretically at any rate one liberated all the toxins at once, and they would attach themselves to important tissues, especially the nerve tissues, and so the degree of toxa3mia would be very much increased. Professor Fleming had a great belief in the power of the leucocytes, but although the organisms in these infections were deadly, the leucocytes would not touch them. If an organism got into the body it must either be lysed in the blood-stream, or taken up by phagocytes and digested. If it were digested, it would probably be changed into a form which would do the body little damage afterwards. If the bacterial substance was lysed in the blood, toxsemia was produced. In toxic cases we wanted the phagocytic activity, but failed to get it. We must try to introduce detoxicating agents. We were at present limited to the use of serum-and some streptococcal sera were moderately effective-or to immuno-transfusion, for this purpose, but he felt that germicides in such cases might do more harm than good.
In pyaemias with thrombosis, on the other hand, germicides could not kill the bacteria because they were mainly hidden in abscesses; thrombi were forming in vessels and leucocytic enzymes were breaking them down, so that infected emboli were scattered through the body. Some time ago, at a meeeting of the Section of Pathology, he had raised the question whether one should not try to reduce the number of leucocytes in pycemic conditions; he thought that would have to be done if germicides were to be successful in these cases. He had tried the effect of benzol by mouth for this purpose in some cases of osteomyelitis; he believed with some success. The leucocyte could do much harm, and when performing autopsies on these cases one saw masses of leucocytes everywhere.
In conclusion he felt that the value of intravenous germicides would have to be determined by careful clinical use, since experimental work might show one thing and clinical experience something quite different. Arrangements should be made for the use of approved germicides, and these drugs should have issued with them a form for giving clinical and pathological, and where necessary, post-mortem data relating to the treatment and course of the case. The Medical Research Council or some other body should pay a fee to have these forms completed by the doctors using the preparations. This would give us a mass of clinical material, and would supersede the state of things now existing in which occasional successes were reported. Analysis 824 Proceedings of the Royal Society of Medicine 62 of the data by some authoritative committee could then be undertaken and some useful results would be available.
Dr. L. P. Garrod said that he had recently done some work to determine in what concentrations five germicides, some of which had been mentioned this evening, could kill or inhibit the growth of Streptococcus pyogenes in the presence of blood.
Eusol was included because it had been given intravenously, but it had no action whatever under these conditions. Of the remaining four, none, having regard to the concentration attainable in the blood by intravenous injection, was calculated to exert a bactericidal action, and only one, acriflavine, appeared likely to exert even an inhibitory action. He had looked into the literature concerning mercurochrome, to see whether he could ascertain how the drug came to be looked upon as so effective a germicide, and he believed he had discovered the reason. The inventors of the drug, Young, White, and Swartz, in introducing it, stated that a 1-in-10,000 solution would kill Staphylococcus aureus in 15 minutes. Four investigators besides himself (the speaker) had found solutions varying in strength between 1 in 50 and 1 in 400 ineffective for this organism.
After hearing Professor Fleming's earlier remarks he had reflected that no one present would ever use mercurochrome again. But Professor Fleming had gone on to suggest that there was possibly a mysterious effect which it might exert other than a direct bactericidal one. The inventors, however, did not make such a claim; they said it was a powerful germicide, which would act as such in the blood. He, Dr. Garrod, maintained that subsequent workers had proved mercurochrome to be a very weak germicide. The difference between these results and Young's was explained by the fact that Young's dilutions were made in acid urine, and it had been proved that mercurochrome was a more active germicide in acid than in neutral solution.
He suggested as a possible explanation of this that mercurochrome was decomposed by acids and that the killing action was due to a salt of mercury so liberated. He (the speaker) submitted that there was no evidence of mercurochrome being a sufficiently active germicide for use, at all events in the blood-stream.
Dr. G. M. Findlay said that on examining the chemo-therapeutic treatment of infectious diseases one found that the more highly differentiated the parasite, the more easily was it got rid of in the body. Bilharzia worms were readily killed by antimony salts, protozoal diseases were fairly easily eradicated, but bacterial diseases were scarcely affected by chemo-therapeutic agents, and diseases due to ultra-microscopic viruses were entirely unaffected by them. In protozoal diseases there was little evidence that the drugs which affected them had any direct influence on the protozoa, except in the case of amcebic dysentery. In kala-azar, pentavalent Dr. J. Burnford said that he had been pleased by Dr. Benians' reminder that where there was a focus of infection, it was not for the pathologist to interfere and try to eradicate that infection. The great flaw in this experimental work was that the problem was tackled as if there had been put into the blood-stream a certain quantity of streptococci or other organisms, and one was dealing with that quantity alone, disregarding the fact that there might be a storehouse of infection somewhere else in the body, which came within the province of the surgeon. That perhaps explained why the septicamic and the pyaemic states mentioned by Dr. Benians did not respond to germicidal agents.
He had been impressed by the first two cases of staphylococcic pyamia which he had treated with perchloride of mercury. and which had been cured, but subsequent cases had not impressed him. He had not met with a single cure of infective endocarditis by this or any other means. From the anatomical point of view, the cure of infective endocarditis was impossible; for how could one deal with the damaged endocardium and the growing vegetations ? When the offending streptococcus came from the patient's intestine, it seemed hopeless to seek a germicide which would eradicate not only the circulating organisms, but also the original site of infection.
One interesting observation he had made was worthy of record. Blood-cultures previously positive in several cases of pya-mia had been negative 24 hours after intravenous injection of A gr. perchloride of mercury in several cases of pyemia and in one case of infective endocarditis. He would not attempt to calculate the extreme dilution of the perchloride in the blood-stream.
In other medical conditions, however, he had obtained satisfactory results from the use of so-called germicides. With perchloride of mercury he had had excellent results in influenza and influenzal pneumonia, though some might argue that equally good effects had been obtained where no germicide was used at all. With intravenous salicylates, particularly the drug tylcalcin, he was convinced that there were immediate results in rheumatic infections. So also with various other drugs he had used there was considerable empirical evidence that they produced an effect. He agreed, however, that the results could hardly be explained by direct germicidal action. In several cases gingivitis and even colitis with bloodand mucus occurred after three or four injections ofgr. of perchloride.
He still thought that in such a discussion as this one wanted experiences rather than results of laboratory experiments. One should not be biassed or turned aside by the pleasant cynicisms of Professor Fleming, or be too much influenced by the behaviour of his performing leucocytes. As experiments they were of interest, but could not be taken as indicative of the physiological processes at work in the living body. Nor were the polymorphic leucocytes the only cells concerned; the lymphocytes which manifested so much activity in certain infections had been sadly neglected by the experimentalists. Yet he agreed that some scepticism was necessary, and one must not be carried away by success in first treatments. There was still hope that chemotherapy would avail in certain infections.
Professor Fleming (in reply) said that much stress had been laid in the discussion on the value of clinical experiment in estimating the power of a germicide. Clinical experiment alone could only be useless in estimating the germicidal value of a substance, although, of course, no one would dispute its importance in the estimation of the therapeutic value of any chemical in any particular infection. The germicidal value and the therapeutic value were two very different things.
Mr. Zachary Cope (in reply) said that Ehrlich was the first to enunciate the principle that a germicide acted by entering into destructive combination with a microbe. That principle was generally accepted as true, but it would be a pity to let our respect for such a great authority close our minds to the possibility that microbes 826 Proceedings of the Royal Society of Medicine 64 could be killed in other ways. It was surely possible that a substance might act as a germicide without actually touching the germ. A minute .fraction of difference in the pH of the surrounding medium might alter the environment unfavourably towards the microbe, and germicides might act by unfavourably affecting the conditions under which microbes lived. Because the medical man did not know, he should not decline to believe that these things were possible, otherwise he might fail to observe opportunities of advancing our knowledge. It was of interest to recall Kolmer's statement that, " our present knowledge of the specific treatment of protozoal diseases of man and the lower animals, and of trypanosomes and the spirochaete is almost confined to clinical experience with certain drugs rather than systematic chemotherapeutic investigation."
Millions of people had been saved by drugs for which laboratory sanction only followed long after their clinical value had been discovered. The treatment of protozoal diseases could not be excluded from any discussion of germicides.
Professor Fleming had revealed so many interesting things in the course of the debate that he (Mr. Cope) felt more hopeful than he had done when he had arrived at the meeting. He could not agree, however, that the maximal germicidal effect of a drug injected intravenously should necessarily be manifest in the first few minutes after injection, for it was quite possible that the microbe might be more sensitive to a dilute drug over a long period than to a stronger solution for a short time. Dobell and others, in their work on the germicidal effect of emetine on the Entarnceba histolytica, found that it needed four days for a dilution of one in five millions to kill all the amcebae.
It was interesting to see that in Professor Fleming's opinion the injection of mercurochrome in certain dilutions had a beneficial effect, even though it might not be termed a direct germicidal effect. Very helpful also was the evidence brought forward that the intravenous injection of strong salt solution tended to get rid of septic organisms in the blood. In cases of acute ileus with toxaemia the intravenous injection of 20% salt solution might revive the patient in a wonderful manner, and it was possible that there was some relation between the two facts.
